Patients with premenstrual dysphoric disorder (PMDD) experience their most intense symptoms during the late luteal phase. The aim of the current study was to compare acoustic startle response and prepulse inhibition in PMDD patients and controls during the follicular and late luteal phases of the menstrual cycle. Following two months of prospective daily ratings on the Cyclicity Diagnoser scale, 30 PMDD patients and 30 asymptomatic controls, between the ages of 20 and 46, were included in the study. The eyeblink component of the acoustic startle reflex was assessed using electromyographic measurements of m. orbicularis oculi. Twenty pulse-alone trials (115 dB 40 ms broad-band white noise) and 40 prepulse-pulse trials were presented. The prepulse stimuli consisted of a 115 dB 40 ms noise burst preceded at a 100 ms interval by 20 ms prepulses that were 72, 74, 78, or 86 dB. PMDD patients had a significantly higher startle response than controls during both phases of the menstrual cycle (po0.05). PMDD patients exhibited lower levels of prepulse inhibition with 78 dB and 86 dB prepulses compared to control subjects in the luteal (po0.01) but not in the follicular phase. Whereas control subjects displayed increased PPI during the late luteal phase compared to the follicular phase (po0.01), PPI magnitude remained unchanged in PMDD patients between cycle phases. Relative to controls, PMDD patients displayed increased startle reactivity across both menstrual cycle phases and deficits in prepulse inhibition of acoustic startle during the late luteal phase. These findings are consistent with an altered response to ovarian steroids among PMDD patients.
INTRODUCTION
The premenstrual dysphoric disorder (PMDD) is characterized by a recurrent cluster of physical and negative mood symptoms. Symptoms appear during the luteal phase of the menstrual cycle and disappear within a few days after the onset of menstrual bleeding . Symptoms occur only during ovulatory menstrual cycles in the presence of a corpus luteum (Hammarback and Backstrom, 1988; Hammarback et al, 1991) , or during progesterone administration (Bjorn et al, 2002 Hammarback et al, 1985) . Several neurotransmitter systems, the serotonergic (Parry, 2001) , the noradrenergic (Eriksson et al, 1994) , and the GABAergic systems (Epperson et al, 2002; Sundstrom et al, 1998 Sundstrom et al, , 1997a have been suggested to play part in the pathogenesis of the disorder, however, the biological events underlying the surfacing of symptoms during the luteal phase remain unclear.
In addition to negative mood symptoms, objective manifestations of physiological arousal, such as the acoustic startle response, are also influenced by estradiol and progesterone (Byrnes et al, 2007; Toufexis et al, 1999; Vaillancourt et al, 2002; Van den Buuse and Eikelis, 2001 ). The acoustic startle response is increased in an animal model of PMDD , and was recently also shown to be increased in the luteal phase of PMDD patients (Epperson et al, 2007) . The acoustic startle reflex (ASR) is a withdrawal reflex to sudden or noxious auditory stimuli, which can be measured as an eyeblink in humans or as a whole body response in laboratory animals (Davis, 1980) . This paradigm is a useful bridge between preclinical and human data, since it has a similar circuitry and pharmacology in humans as it has in animals (Davis, 1980; Koch, 1999) . Furthermore, ASR is clinically relevant for PMDD patients, since altered acoustic startle responses have been demonstrated in patients with anxiety and depressive disorders (Allen et al, 1999; Morgan et al, 1996; Pissiota et al, 2003) and in animal models of these disorders Plappert and Pilz, 2002; Schwegler et al, 1997; Stohr et al, 1999 ) including a rodent model of PMDD . In addition, the acoustic startle response is also regulated by the agents thought to be critical to the etiology PMDD symptoms, notably progesterone fluctuations and underlying alterations in inhibitory neurotransmission via the GABA A receptor (Toufexis et al, 2004) .
We predicted that subjects with PMDD would have higher ASR than asymptomatic controls in the luteal phase, based on prior studies of ASR in PMDD patients (Epperson et al, 2007) , and on a working model of the underlying mechanisms of the etiology of negative mood symptoms. In women with PMDD, symptoms occur in the luteal phase of the menstrual cycle in close correlation to progesterone fluctuations. Although estrogen and other hormones cannot be ruled out as influences in PMDD, several lines of evidence suggest that fluctuations in progesterone and its neuroactive metabolites are necessary for PMDD symptoms. In humans, negative mood symptoms can be prevented by suppression of corpus luteum formation, which thus suppresses the high progesterone levels typifying the luteal phase (Sundstrom et al, 1999) . Animal models of PMDD, in which the levels of progesterone and estrogen can be manipulated directly, also indicate that it is administration of progesterone (or its neuroactive metabolite, allopregnanolone) that is associated with anxiety-like behaviors (Gallo and Smith, 1993; Moran and Smith, 1998; Smith et al, 1998a, b) including increased ASR . The fact that anxiety-like behavior also occurs among pre-pubertal female rodents in the progesterone withdrawal model reinforces the primary role of progestins in the etiology of negative mood symptoms.
Sensorimotor gating can also assessed by measuring prepulse inhibition (PPI) of the startle response, which is thought to reflect an individual's ability to screen or 'gate' sensory stimuli. The PPI paradigm uses a weak, nonstartling acoustic stimulus (the prepulse) that typically decreases the reflexive eyeblink response (startle) produced by the subsequent startling stimulus (the pulse). The sensorimotor gating of the ASR is also subject to regulation by the putative causative agents of PMDD, including steroid hormones and dysregulation of inhibitory neurotransmission. Sensorimotor gating is regulated by GABA A receptors in several relevant brain regions, notably the amygdala and the bed nucleus of the stria terminalis (BNST) Yee et al, 2005; Hauser et al, 2005) . Ovarian steroids also appear to influence PPI because women have lower levels of PPI than men (Swerdlow et al, 1993) and because PPI varies across the menstrual cycle in healthy women (Jovanovic et al, 2004; Swerdlow et al, 1997) .
Given the increased vulnerability to exposure and withdrawal from ovarian steroids and the effects of these steroids on startle response and PPI of startle, the primary aim of the current study was to compare startle responding and PPI in patients with PMDD and asymptomatic controls during the follicular and late luteal phases of the menstrual cycle.
MATERIALS AND METHODS

Subjects
Eighty-seven women complaining of premenstrual symptoms were screened for inclusion in the study. Of these, 30 women fulfilled criteria for PMDD. Hence, 30 PMDD patients and 30 asymptomatic controls, between the ages of 20 and 46, were included in the study. Patients were recruited among women seeking help for premenstrual symptoms at the outpatient ward of the Department of Obstetrics and Gynaecology, Uppsala University Hospital and from newspaper advertisement.
Included patients met the criteria for PMDD diagnosis, defined in the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV, 1994) . Diagnosis was based on daily, prospective symptom ratings on the Cyclicity Diagnoser (CD) scale during two cycles prior to inclusion (Sundstrom et al, 1999) . The CD scale consists of nine negative mood parameters (depression, decreased interest in usual activities, fatigue, irritability, tension, mood swings, lability, difficulties in concentrating, and sleeping disturbances), two positive mood parameters (cheerfulness, energy), and four somatic symptoms (food cravings, swelling, breast tenderness, and menstrual bleeding). In addition, the CD scale contains a score for measuring the everyday social functioning and work performance. The CD scale is a Likert scale ranging from 0-8, with 0 as complete absence of a particular symptom, and 8 as the maximal severity of the symptom. Patients were considered to have PMDD if they had a 100% increase in at least five symptoms during seven premenstrual days compared to seven mid-follicular days, associated with a clinically significant social and occupational impairment. The threshold score for impact on daily life was set at a score of four or more for more than two days during the luteal phase. This score indicated that subjects avoided social interaction during these days. All patients displayed at least one week of sparse symptoms (scores less than two) in the mid-follicular phase.
Asymptomatic controls were physically healthy women between the ages of 20 and 46 with regular menstrual cycles and no self-report of premenstrual symptoms. According to the daily prospective ratings, control subjects displayed no significant cyclicity in mental symptoms between the follicular and luteal phase and impact on daily life never exceeded a score of two during the luteal phase (no impact or only the patient notices any symptoms).
The exclusion criteria were hearing deficiencies (see below), treatment with any hormonal compounds, treatment with benzodiazepines or other psychotropic drugs including serotonin reuptake inhibitors, and presence of any ongoing psychiatric disorder. The presence of psychiatric disorders was evaluated using a structured psychiatric interview, the Swedish version of Mini International Neuropsychiatry Interview (M.I.N.I.), based on DSM-IV and ICD-10 (Sheehan et al, 1998) . All subjects had negative pregnancy tests.
A brief hearing screening using an audiometer (Madsen Midi-mate 622, GN Otometrics, Taastrup, Denmark) confirmed that all subjects were able to detect 40 dB tones at 500, 1000, and 6000 Hz.
The women gave written informed consent prior to inclusion in the study. The study procedures were in accordance with ethical standards for human experimentation, and the Independent Research Ethics Committee, Uppsala University approved the study.
Study Protocol
Measurements were made twice during the menstrual cycle: once in the mid-follicular phase (6-12 days after the onset of menstrual bleeding) and once in the late luteal phase (1-7 days prior to the onset of menstruation). Half of the subjects were scheduled to start in the follicular phase, whereas the remaining subjects started in the luteal phase to avoid test order effects across the menstrual cycle. Luteal phase testings were scheduled according to the positive LH assay (Clearplan, Unipath, Bedford, UK) to coincide with late luteal phase (postovulatory days 8-13). The luteal phase intervals were chosen to correspond with maximum severity of mood symptoms rather than peak progesterone levels. Monitoring of luteal phase was confirmed by progesterone serum concentrations and records on the next menstrual bleeding were provided by the ratings on the CD scale.
Testing was carried out at the research laboratory at the Department of Women's and Children's Health, Uppsala University. Each subject was seated in a comfortable chair in a quiet room and was unable to see the recording equipment. During the test session subjects sat upright and were directed to look straight ahead and to stay awake.
Before the test session blood samples for progesterone and estradiol serum concentrations were taken.
Startle Response
The eyeblink component of the ASR was assessed using EMG measurements of musculus orbicularis oculi. The delivering of the acoustic startle stimuli and the recording of the eyeblink response were controlled by a commercial startle system (SR-HLAB, San Diego Instruments, San Diego, CA). Acoustic startle stimuli were delivered binaurally by telephonic headphones (TDH-39-P, Maico, Minneapolis, MN, USA). The sound was calibrated with a Quest Electronics meter (model 210 Quest Technologies, Oconomov, WI). After the skin was scarified with alcohol, two miniature silver/silver chloride electrodes (In Vivo Metric, Healdsburg, CA, USA), with a small amount of electrode gel (Sigma gel, In Vivo Metric) were positioned below the subject's right eye, over the orbicularis oculi muscle. A ground electrode was placed in the center of the forehead. Electrode impedances were measured and confirmed to be less than 5 kOhm. The EMG was filtered (100-1000 Hz), digitized at 1 kHz and analyzed by the EMG startle response software.
In order to allow subjects to acclimatize to the test situation, the ASR test session began with a five-minute acclimation period, with a background 70 dB white noise delivered by the headphones. Following this adaptation period, a series of trials were administered and the startle responses recorded. Throughout the session, a background 70 dB white noise continued in between the trials. The test session included four trial blocks. Block 1 consisted of five pulse-alone trials (115 dB 40 ms broad-band white noise), which were used for measurement of baseline startle response. Blocks 2 and 3 each consisted of 25 trials, containing 5 pulse-alone and 20 prepulse-pulse trials presented in pseudorandom order. The prepulse stimuli consisted of a 115 dB 40 ms noise burst preceded at a 100 ms interval by prepulses (20 ms noise bursts) that were 2, 4, 8, 16 dB above the 70 dB background noise (PP1 ¼ 72 dB; PP2 ¼ 74 dB; PP3 ¼ 78 dB; PP4 ¼ 86 dB). The last block consisted of five pulse-alone trials, which allowed a measure of within-test habituation. The inter-trial interval was variable, averaging 30 s.
Hormone Assays
Progesterone and estradiol were analyzed on Immulite 1000 (DPC, Los Angeles, CA, USA). For the estradiol assay the measure interval was 73-7300 pmol/l. Estradiol intra-assay coefficient of variation was 9.5% at 426 pmol/l and 6.3% at 1760 pmol/l. Progesterone intra-assay coefficient of variation was 16% at 2.9 nmol/l and 6.3% at 25.1 nmol/l.
Statistical Analyses
Patients with negligible startle responses (mean amplitude o10 mV) were considered as nonresponders. According to this definition, three PMDD patients and three controls were considered to be nonresponders and were removed from the analyses.
Peak startle amplitudes were measured automatically within 20-150 ms following the onset of the startle stimulus. A zero response score was given if no response was detectable, according to the default criteria provided by the software: (1) the peak startle response occurred outside the 20-150 ms time frame; (2) a baseline shift exceeded 40 arbitrary units; and (3) a startle response was 25 arbitrary amplitude units or less. An arbitrary unit corresponded to 0.076 mV. Less than 6.3% of responses were scored as zero responses, evenly distributed between cycle phases and groups.
Startle magnitude was defined as the total amplitude of all trials with response/total number of trials. Habituation of startle response (HAB) was calculated as the reduction in startle amplitude between the first and last blocks of pulsealone trials (% HAB ¼ 100 Â (first blockÀlast block)/first block). PPI in blocks 2 and 3 was computed as the percentage reduction in peak magnitude of startle on pulse-alone (PA) trials by the formula, PPI ¼ 100 Â (M PA ÀM PP )/M PA , where M PA is a mean magnitude of pulse-alone and M PP is a magnitude of prepulse-pulse trials.
Startle response and PPI were compared between groups by use of three-way ANOVA with repeated measures. Since no interactions or main effects of block were observed (Fo2.20, p40.10), data were collapsed across blocks 2 and 3 for PPI analyses.
Within subjects factors in the ANOVA analyses were cycle phase (follicular vs luteal phase) prepulse intensity (PPI 1-4) or startle response (first block vs last block), whereas group (PMDD patients vs control subjects) was used as the between-groups factor in the analyses. Whenever the three-way ANOVA indicated a significant main effect or interaction, follow-up ANOVAs were made to determine at which level the significant finding occurred. Additional post hoc tests for prepulse intensity interactions were obtained by Tukey HSD Test.
To assess if symptom severity during the actual luteal phase (during which PMDD patients were tested) influenced ASR and PPI, PMDD patients were grouped according to their daily symptom ratings on the CD scale. In 22 PMDD patients with complete late luteal phase scorings (day À1 to day À7) during the test cycle a median split was performed distinguishing subjects with high levels of anxiety and high levels of depression. The median split was based on mean summarized anxiety and irritability scores for the high/low anxiety groups and on mean depression scores for the high/ low depression groups. Accordingly, 11 PMDD patients were defined as high-anxiety or high-depression patients and 11 subjects were defined as low-anxiety or low-depression patients. As there was a substantial overlap between the high-anxiety and the high-depression groups (8 of 11 subjects were high anxiety and high depression patients, whereas 9 of 11 subjects were low anxiety and low depression patients), a third group of 8 high anxiety/high depression patients and 9 low anxiety/low depression patients were formed.
Demographic variables were compared between groups by independent t-tests and chi-square tests. For intraindividual comparisons between menstrual cycle phases of hormone levels in each respective group, the Wilcoxon matched-pairs signed-ranks test was performed. Differences between groups in hormone levels were evaluated by the Mann-Whitney U-test. Correlations between estradiol and progesterone and mean PPI and startle response were made with Pearson's correlation coefficient.
The SPSS statistical package was used for the analyses. P-values of less than 0.05 were considered to be statistically significant. Data are presented as mean ± SEM, unless otherwise stated.
RESULTS
Two PMDD patients and three controls withdrew from the study after participating in the follicular phase (one PMDD patient and two controls) or the luteal phase (one PMDD patient and one control). Reasons for withdrawing were detected pregnancy, aversive test situation, and personal reasons. These subjects have been kept in the analyses as far as possible. Demographic data of the study group are given in Table 1 .
Plasma levels of estradiol and progesterone in each group and cycle phase are given in Table 2 . Steroid levels were not significantly different between PMDD patients and control subjects in either cycle phase and, as expected, serum concentrations of progesterone increased in the luteal phase compared to the follicular phase in both groups.
Control subjects and PMDD patients did not differ with respect to the timing of testing for follicular phase (cycle day 7.5 ± 0.4 vs 8.5 ± 0.3) or luteal phase (cycle day À6.6 ± 0.6 vs À5.0 ± 0.6). All patients were considered to have had ovulatory cycles when tested.
Acoustic Startle Response (ASR)
PMDD patients had a significantly higher startle response than controls in all phases of the menstrual cycle. Thus, there was a significant difference between PMDD patients and control subjects on startle reactivity to the first block of pulse-alone trials (main effect of group F(1, 47) ¼ 4.18; po0.05, but there was no phase, or phase by group interaction for the startle response, Figure 1 . Percent habituation throughout the test session did not differ between groups in either cycle phase (PMDD patients follicular phase 37.6%±5.8, luteal phase 47.8%±5.0, control subjects follicular phase 54.6% ± 8.5, luteal phase 61.5% ± 7.1).
ASR was not influenced by the anxiety symptoms or depressive symptoms experienced by the PMDD patients during the luteal phase in which they were tested. PMDD patients with high anxiety scores had similar levels of startle response during the first block of pulse-alone trials as lowanxiety PMDD patients. Likewise, PMDD patients with high depression and high anxiety/high depression scores did not differ in startle response from low depression or low anxiety/low depression patients, respectively, during the first block.
Prepulse Inhibition (PPI)
The three-way ANOVA indicated a significant groupphase Â prepulse intensity interaction F(1, 47) ¼ 5.17; po0.05 (Figure 2 ). Follow-up two-way ANOVAs indicated that PMDD patients exhibited lower levels of PPI compared Figure 2 ). The group Â phase Â prepulse intensity interaction was also driven by an increase in PPI across the menstrual cycle among control subjects (phase by prepulse intensity interaction F(1, 22) ¼ 4.58; po0.01), whereas PPI magnitude remained unchanged in PMDD patients between cycle phases (main effect of phase F(1, 24) ¼ 0.84).
The magnitude of PPI was a function of the anxiety symptoms experienced by the PMDD patients during the luteal phase in which they were tested. PMDD patients with high luteal anxiety scores had significantly lower levels of PPI compared to PMDD patients with lower levels of anxiety, F(1, 20) ¼ 8.87; po0.01 (main effect of group) (Figure 3) .
The degree of depressive symptoms experienced by the PMDD patients did not affect PPI. PMDD patients with high depression scores had similar levels of PPI compared to PMDD patients with lower levels of depression.
However, PMDD patients with high anxiety/high depression had significantly lower levels of PPI compared to patients with low anxiety/low depression scores, F(1, 15) ¼ 7.57; po0.05 (main effect of group).
Correlations between estradiol, progesterone, startle response, and mean PPI There were no significant correlations between estradiol, progesterone, startle response, and mean PPI in either group or cycle phase.
DISCUSSION
Using objective measures of physiological arousal and sensorimotor gating, we demonstrated that PMDD patients have increased startle reactivity across both menstrual cycle phases and lower levels of PPI 7during the late luteal phase compared to asymptomatic controls. Furthermore, PMDD patients with high anxiety levels as well as patients with both high anxiety and high depression levels had even more impaired PPI than less symptomatic patients. PMDD patients did not demonstrate habituation deficits in the luteal phase, compared to either their own follicular phase or to controls in the luteal phase.
Recently, Epperson et al (2007) demonstrated that PMDD patients have an increased baseline startle response during the luteal phase compared to the follicular phase. We had hypothesized that PMDD patients would display increased startle response compared to control subjects only in the luteal phase. One reason why menstrual cycle effects in Figure 1 Mean ± SEM startle amplitude during the first and last block of the test sessions in the follicular (a) and luteal (b) phases of the menstrual cycle in 27 women with premenstrual dysphoric disorder (PMDD) and 27 controls. Startle reactivity to the first block of pulse-alone trials was increased among PMDD patients in both phases of the menstrual cycle, po0.05. startle response were not detected in our sample could be that tests were scheduled to coincide with minimum (midfollicular phase) and maximum (late luteal phase) PMDD symptomatology, rather than to coincide with the most different hormonal situations obtainable during the menstrual cycle (ie early follicular phase vs mid-luteal phase) (Epperson et al, 2007) . Although we chose these time points for valid reasons, more stringent timing criteria may have reduced variability and increased the possibility of detecting changes in startle response across the menstrual cycle in PMDD patients. Clearly progesterone or its metabolite allopregnanolone, and time-course and timing of exposure to progesterone, are able to influence startle response although their respective contributions have not been fully elucidated. Withdrawal from progesterone has been reported to increase baseline startle response , whereas allopregnanolone attenuates CRH-enhanced startle response and medroxyprogesterone acetate, acting via the progesterone receptor, has been shown to amplify CRH-enhanced startle response (Toufexis et al, 2004) .
According to our study findings, increased startle response rather appears to be a trait phenomenon in PMDD patients, suggesting an underlying hypersensitivity in the systems involved in the startle reflex at all times. This vulnerability trait could, in concert with other factors, contribute to the appearance of PMDD symptoms during the luteal phase when estradiol and progesterone levels are high or decreasing.
PMDD patients had lower levels of PPI in the late luteal phase compared to control subjects. This difference was mainly driven by the fact that the PPI increased in the late luteal phase of control subjects but did not do so equivalently in PMDD subjects, ie PMDD patients failed to display normal changes in PPI across the menstrual cycle.
Patients with schizophrenia (Braff et al, 2001; Ludewig et al, 2003; Swerdlow et al, 2006) , OCD (Hoenig et al, 2005) , PTSD (Grillon et al, 1998) , and panic disorder (Ludewig et al, 2002) have deficits in PPI. Across disorders, PPI deficits have been associated with perceptual abnormalities, increased anxiety, and difficulty inhibiting intrusive thoughts (Braff et al, 2001) . PPI is also affected by gender and ovarian steroids. While no gender-related differences in PPI have been reported during the follicular phase of the menstrual cycle, prior studies have indicated that women have impaired PPI compared to men in the mid-luteal phase (Jovanovic et al, 2004; Swerdlow et al, 1997) . Also, PPI varies across the menstrual cycle with reduced PPI in the mid-luteal phase compared to early or mid-follicular phases (Jovanovic et al, 2004; Swerdlow et al, 1997) .
In PMDD patients, PPI deficits were only evident during their symptomatic period, ie during the late luteal phase, whereas during the follicular phase when subjects are devoid of symptoms no difference in PPI between PMDD patients and control subjects was found. PMDD patients are reported to be more sensitive to the CNS effects of ovarian steroids (Schmidt et al, 1998) , and while ovarian steroid hormones have an important role in sensorimotor gating, it is thus not surprising that PPI is affected in these patients. Furthermore, PMDD patients with high anxiety levels and those with both high anxiety and high depression levels during the luteal phase had even more impaired PPI than less symptomatic patients. As variable hormone levels from menstrual cycle to menstrual cycle within individual subjects may result in variable symptom expression (Hammarback et al, 1989; Wang et al, 1997) , this finding underlies the assumption that the hormonal events that trigger PMDD symptoms in a specific menstrual cycle could also affect the circuits modulating PPI.
In our study, control subjects demonstrated increased PPI in the late luteal phase compared to the mid-follicular phase, whereas PPI of PMDD patients remained unaltered across cycle phases. This finding in control subjects, which is in contrast with previous studies of menstrual cycle effects on PPI (Jovanovic et al, 2004; Swerdlow et al, 1997) , is most likely due to the fact that subjects were tested in relation to symptom severity rather than when differences in PPI would be most evident (Swerdlow et al, 1997) .
The underlying mechanisms of ovarian steroid actions leading to PMDD symptoms have not been elucidated unequivocally. However, several lines of evidence suggest that progestin-induced alteration of the GABAergic system is one of the primary factors in the development of anxiety, depression, and PMDD (Epperson et al, 2002; Sundstrom et al, 1998 Sundstrom et al, , 1997a . This hypothesis is plausible because progesterone can be metabolized to GABA-active neurosteroids, such as allopregnanolone, which bind to the GABA A receptor. Acutely, allopregnanolone enhances inhibitory neurotransmission (Majewska et al, 1986) , thus exerting anxiolytic (Akwa et al, 1999; Bitran et al, 1991 Bitran et al, , 1993 , sedative (Lancel et al, 1997; Timby et al, 2006) , and antiepileptic effects (Landgren et al, 1998) .
However, the homeostatic response of the GABAergic system to prolonged exposure and/or withdrawal from progesterone and allopregnanolone results in profound changes in the regulation of fast inhibitory neurotransmission, similarly to what occurs after prolonged exposure and withdrawal from conventional GABA-modulatory drugs (Gallo and Smith, 1993; Smith et al, 1998a, b) . Furthermore, changes in sensitivity to GABA-modulatory agents, including neurosteroids, across the menstrual cycle have been reported in PMDD patients. For instance, assessing sedation with saccadic eye velocity as an independent measure, patients with PMDD have been reported to have a decreased responsiveness to pregnanolone (a stereoisomer to allopregnanolone) and benzodiazepines (Sundstrom et al, 1998 (Sundstrom et al, , 1997a , similar to findings in female rats during progesterone withdrawal (Moran and Smith, 1998; Smith et al, 1998a) . As sensorimotor gating is regulated by GABA A receptors in the amygdala and the BNST, it is plausible that progesterone, or its neuroactive metabolites, is responsible for both symptom provocation and disruption of PPI in PMDD patients (Davis, 1980; Davis et al, 1994; Lee and Davis, 1997) .
However, estradiol cannot be ruled out as a symptomprovoking factor in PMDD (Schmidt et al, 1991; Seippel and Backstrom, 1998) , and changes in estradiol serum concentrations might be equally important for the impaired PPI found during the late luteal phase in our PMDD patients. Both estrogen receptors (a and b) are found in the nucleus accumbens and amygdala (Shughrue et al, 1997) and could mediate the effects of estrogen on PPI. Estrogen treatment in ovariectomized female rats has been reported to prevent Startle Response in PMDD Patients K Kask et al 8-OH-DPAT-induced disruptions of PPI (Gogos and Van den Buuse, 2004) , and similar findings have also been obtained in females where estrogen treatment prevented buspirone-induced PPI deficits (Gogos et al, 2006) . However, treatment with 2 mg estradiol during the early follicular phase did not affect PPI in healthy women, (Gogos et al, 2006) . Together with the unexpected finding of a dose-dependent increase in PPI in ovariectomized rats following estrogen treatment (Van den Buuse and Eikelis, 2001) , it must be assumed that combined effects of estradiol and progesterone are responsible for the disrupted PPI noted in our PMDD patients.
In conclusion, this study has indicated that patients with PMDD have an increased startle response during both phases of the menstrual cycle. The study has also indicated that PMDD patients fail to display normal changes in PPI across the menstrual cycle, which results in disrupted PPI during their most symptomatic period.
Thus, PMDD patients display not only increased physical arousal but also failure in systems which may be designed to mitigate combinations of negative stimuli.
